WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
C09K 13/00 



Al 



(11) International Publication Number: WO 98/04646 

(43) International Publication Date: 5 February 1998 (05.02.98) 



(21) Internationa] Application Number: PCT/US97/ 12220 

(22) International Filing Date: 21 July 1997 (21.07.97) 



(30) Priority Data: 

60/023,299 



26 July 1996 (26.07.96) 



US 



(60) Parent Application or Grant 

(63) Related by Continuation 
US 

Filed on 



60/023,299 (CIP) 
25 July 1996 (25.07.96) 



(71) Applicant (for all designated States except US): EKC TECH- 

NOLOGY, INC. [US/US]; 2520 Barrington Court, Hayward, 
CA 94040-1163 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): SMALL, Robert, J. 
[US/US]; 11418 Rampart Drive, Dublin, CA 94568 
(US). McGHEE, Laurence [GB/GB]; 37 Craigielea Road, 
Duntocher, Clydebank G81 6HS (GB). MALONEY, David, 
John [US/US]; 818 Dana Circle, Livermore, CA 94550 
(US). PETERSON, Mary, Louise (US/US]; 1212 Cloud, 
Avenue, Mcnlo Park, CA 94025 (US). 



(74) Agents: HIGGINS, Willis, E.; Cooley Godward LLP, Five Palo 
Alto Square, 3000 El Camino Real, Palo Alto, CA 94306- 
2155 (US) et al. 



(81) Designated States: AL. AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ. DE, DK, EE, ES, Fl, GB, GE, 
GH, HU. IL. IS, JP. KE, KG. KP, KR. KZ, LC, LK, LR, 
LS, LT, LU, LV, MD, MG, MK, MN, MW, MX, NO. NZ, 
PL, PT, RO, RU, SD, SE, SG, SI, SK, SL. TJ, TM, TR, 
TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO patent (GH, 
KE, LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, BE, 
CH, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE); OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: CHEMICAL MECHANICAL POLISHING COMPOSITION AND PROCESS 
(57) Abstract 

A composition for chemical mechanical polishing includes a slurry. A sufficient amount of a selectively oxidizing and reducing 
compound is provided in the composition to produce a differential removal of a metal and a dielectric material. A pH adjusting compounds 
adjusts the pH of the composition to provide a pH that makes the selectively oxidizing and reducing compound provide the differential 
removal of the metal and the dielectric material. A composition for chemical mechanical polishing is improved by including an effective 
amount for chemical mechanical polishing of a hydroxylamine compound, ammonium persulfate, a compound which is an indirect source 
of hydrogen peroxide, a peracetic acid or periodic acid. A method for chemical mechanical polishing comprises applying a slurry to a metal 
and dielectric material surface to produce mechanical removal of the metal and the dielectric material. A selectively oxidizing and reducing 
compound is applied to produce a differential removal of the metal and the dielectric material. The pH of the slurry and the selectively 
oxidizing and reducing compound is adjusted to provide the differential removal of the metal and the dielectric material. A method for 
chemical mechanical polishing comprises applying a slurry to a metal and dielectric material surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical polishing of a hydroxylamine compound, ammonium 
persulfate, a compound which is an indirect source of hydrogen peroxide, a peracetic acid or periodic acid. 



Codes used to identify Slates 



AL 

AM 

AT 

AU 

AZ 

BA 

BB 

BE 

BF 

BG 

BJ 

BR 

BY 

CA 

CF 

CC 

CH 

a 

CM 
CN 
CU 
C2 
DE 
OK 
BE 



Albania 

Armenia 

Austria 

Australia 

Azerbaijan 

Bosnia and Herzegovina 

Barbados 

Belgium 

Burkina Faso 

Bulgaria 

Benin 

Brazil 

Belarus 

Canada 

Central African Republic 

Congo 

Switzerland 

Cole d'lvoire 

Cameroon 

China 

Cuba 

Czech Republic 
Germany 
Denmark 
Estonia 



ES 

n 

FR 
CA 
GB 
GE 
GH 
GN 
GR 
HU 
IE 

a 
is 

IT 

jp 

KE 
KG 
KP 

KR 

KZ 

LC 

LI 

LK 

LR 



FOR THE PURPOSES OF INFORMATION ONLY 

my »fe pct „ the ftm mes of pamphlets puW . hjng 



Spam 
Finland 
Prance 
Gabon 

United Kingdom 

Georgia 

Ghana 

Guinea 

Greece 

Hungary 

Ireland 

Israel 



international applications under the PCT. 



Hah/ 
/span 
Kenya 

Kyrgyzstan 
Democratic People's 
Republic of Korea 
Republic of Korea 
Kazakstan 
Saint Lucia 
Liechtenstein 
Sri Lanka 
Liberia 



LS 
LT 
W 
LV 
MC 
MD 
MC 
MK 

ML 
MN 
MR 



Lesotho 

Lithuania 

Luxembourg 

Latvia 

Monaco 

Republic of Moldova 

Madagascar 

The former Yugoslav 

Republic of Macedonia 

Mali 

Mongolia 
Mauritania 



MW 


Malawi 


MX 


Mexico 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 


Sudan 


SE 


Sweden 


SG 


Singapore 



SI 


Slovenia 


SK 
SN 


Slovakia 


Senegal 


sz 


Swaziland 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TM 


Turkmenistan 


TR 


Turkey 


TT 


Trinidad and 1 


UA 


Ukraine 


UG 


Uganda 


US 


United States < 


uz 


Uzbekistan 


VN 


Viet Nam 


YU 


Yugoslavia 


zw 


Zimbabwe 



WO 98/04646 



PCT/US97/tf220 



CHEMICAL MECHANICAL POLISHING COMPOSITION AND PROCESS 1 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of U.S. Provisional Application 
Serial No. 60/023,299, filed July 26, 1996. 

INTRODUCTION 

Technical Field 

This invention relates to an improved composition and process for the 
chemical mechanical polishing or planarization of semiconductor wafers. More 
particularly , it relates to such a composition and process which are tailored to meet more 
stringent requirements of advanced integrated circuit fabrication. 

Background 

Chemical mechanical polishing (or planarization) (CMP) is a rapidly growing 
segment of the semiconductor industry. CMP provides global planarization on .the wafer 
surface (millimeters in area instead of the usual nanometer dimensions). This planarity 
improves the coverage of the wafer with dielectric (insulators) and metal substrates and 
increases lithography, etching and deposition process latitudes. Numerous equipment 
companies and consumables producers (slurries, polishing pads, etc.) are entering the 
market. 

CMP has been evolving for the last ten years and has been adapted for the 
planarization of inter-layer dielectrics (ILD) and for multilayered metal (MLM) 
structures. During the 80* s, IBM developed the fundamentals for the CMP process. 
Previously (and still used in many fabs today) plasma etching or reactive ion etching 
(RIE), SOG ("spin on glass"), or reflow, e.g., with boron phosphorous spin on glass 
(BPSG), were the only methods for achieving some type of local planarization. Global 
planarization deals with the entire chip while "local" planarization normally only covers a 
-50 micron 2 area. 

At the 1991 VMIC Conference in Santa Clara, CA., IBM presented the first 
data about CMP processes. In 1993 at the VMIC Conference, IBM showed that a copper 
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An added complexity is that the wafer is actually a complex sandwich of 
materials with widely differing mechanical, electrical and chemical characteristics, all ' 
built on an extremely thin substrate that is flexible. 

The CMP processes are very sensitive to structural pattern density which will 
affect metal structure "dishing" and oxide erosion. Large area features are planarized 
slower than small area features. 

At the recent SEMICON/Southwest 95 Technical program on CMP, it was 
stated that "Metal CMP has an opportunity to become the principal process for conductor 
definition in deep submicron integrated circuits." Whether or not it does so depends on 
the relative success of CMP technologists in achieving the successful integrated process 
flow at competitive cost. 

Slurries: CMP has been successfully applied to the planarization of 
interdielectric levels (IDL) of silicon oxides, BPSG, and silicon nitride and also metal 
films. The metal films currently being studied include tungsten (W), aluminum (Al) and 
copper (Cu). 

The polishing slurries are a critical part of the CMP process. The polishing 
slurries consist of an abrasive suspension (silica, alumina, etc:) usually in a water 
solution. The type and size of the abrasive, the solution pH and presence of (or lack of) 
oxidizing chemistry are very important to the success of the CMP process. 

Metal CMP slurries must have a high selectivity for removing the unwanted 
metal compared to the dielectric features on the wafers. The metal removal rate should 
be between 1700 to 3500 A/min) without excessive "dishing" of the metal plugs or 
erosion of the oxide substrate. 

The oxide CMP has similar requirements and polishing rates close to 1700 

A/minute. 

Metal Polishing: This type of polishing relies on the oxidation of the metal 
surface and the subsequent abrasion of the oxide surface with an emulsion slurry. In this 
mechanism, the chemistry's pH is important. The general equations are (M = metal 
atom): 

M° -- > M n+ + ne 

M n+ + [Ox], > MO y or [M(OH)J 
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An emerging area of CMP will deal with the copper damascene process. The 
copper metal interconnects (wires) will be required because of its better conductivity 
compared to AI. One major disadvantage with copper is its easy diffusion through silica 
under normal operating conditions. The copper damascene process will need barrier 
layers to prevent this copper diffusion. 

In the damascene process, "lines" or trenches are etched into the 
interdielectric layers, and then the walls of these trenches are coated with barrier 
materials. These materials can be composed of Ta, TaN, Ti or TiN among other 
materials. Copper metal is then deposited, by electroless or electrode plating, or PVD or 
CVD methods. The excess copper above the trench is then removed by chemical 
mechanical polishing. The difficult part of the CMP process is not to remove excess 
copper ("dishing") which will remove the copper metdl below the interdielectric layer. 

CMP of the copper metal can be done over a wide pH range (2 to 12). 
Pourbaix diagrams for copper indicate that copper can only be passivated (oxide layer), in 
neutral or basic solutions. In acid solutions an inhibitor, i.e., benzotriazole (BTA) is 
usually needed to control the isotropic etching effects from, the chemistries used in the 
CMP process. Much of the CMP work has been done with hydrogen perioxide at various 
pH ranges. 

Some CMP work has been done with ammonium hydroxide, because of its 
ability to form copper complexes though there are problems with poor selectivity between 
copper and titanium and silicon oxide. 

Interlayer Dielectric (Oxide) Polishing: Recently a group of engineers 
using ILD (oxide) CMP was asked to prioritize CMP processing requirements. The 
major concern was surface damage (scratching, etc.) followed by wafer (polishing) 
nonuniformity (within wafer and wafer to wafer), then polishing rate and finally planarity. 
The mechanisms are still being developed, but the polishing process appears to involve 
two concurrent processes; a mechanical process involving plastic deformation of the 
surface and, chemical attack by hydroxide ( OH) to form silanol bonds. 
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light will "generate" electrons in the semiconductor Si material which then reduces the 
copper ion to Cu°. 

Post-Clean Processes: Both the ILD and metal polishing processes must 
eventually pass through a final cleaning step to remove traces of slurry and the chemistry. 
Though the process appears to be simple, i.e. a brush scrub and a rinse cycle, 
considerable effort is being expanded to determine if the process should involve either 
single side, double sided scrubbing, single wafer or batch processing, spray tools or even 
immersion tanks. Recently an engineering group working with post-clean CMP ranked 
wafer cleanliness (from slurry and pad particles and metallic contamination) as the most 
important issue in the post-clean step. Process reliability and defect metrology were the 
other two important areas of concern. 

Residual particle levels must be - 1 particle/20cnr, and 90% of these 
particles with less than >0.2 micron size. Line widths of 0.35 micron will require the 
removal of particles down to 0.035 or less. Incomplete particle removal will decrease 
wafer yield. Low defect (scratches) levels and acceptable planarity will also be very 
important. 

Most fabs have developed their own in-house technology for the post-clean 
CMP steps. Most of the " chemistries " involve DI water with either added ammonium 
hydroxide or HF while some fabs are using the standard RCA SC-1 (NH 4 OH:H 2 0 2 :H 2 0) 
and SC-2 (HC1:H 2 0 2 :H 2 0) cleaning steps traditionally used in the front end process. 

There are five mechanisms for removing impurities (particles and/or ions) 
from wafer surfaces: 

• Physical desorotion bv solvents: Replacing a small number of strongly 
absorbed material with a large volume of weakly adsorbed solvent 
(changing the interaction of the surface charges). 

• Change the surface charge with either acids or bases : The Si-OH or 
M-OH group can be protonated (made positive) in acid or made 
negative with bases by removing the proton. 

• Ion competition: Removing adsorbed metal ions by adding acid (i.e. 
ion exchange). 
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and reducing compound is adjusted to provide the differential removal of the metal and 
the dielectric material. ' 

In accordance with an eighth aspect of the invention, a method for chemical 
mechanical polishing comprises applying a slurry to a metal and dielectric material 
5 surface to produce mechariical removal of the metal and the dielectric material, and an 
effective amount for chemical mechanical polishing of a hydroxy lamine compound. 

In accordance with an ninth aspect of the invention, a method for chemical 
mechanical polishing comprises applying a slurry to a metal and dielectric material 
surface to produce mechanical removal of the metal and the dielectric material, and an 
10 effective amount for chemical mechanical polishing of ammonium persulfate. 

In accordance with a tenth aspect of the invention, a method for chemical 
mechanical polishing comprises applying a slurry to a'metal and dielectric material 
surface to produce mechanical removal of the metal and the dielectric material, and an 
effective amount for chemical mechanical polishing of a compound which is an indirect 
15 source of hydrogen peroxicie. i 

In accordance with an eleventh aspect of the invention, a method for chemical 

i 

mechanical polishjng comprises applying a slurry to a metal and dielectric material 
surface to produce mechanical removal of the metal and the dielectric material, and an 
effective amount for chemical mechanical polishing of a peracetic acid. 
20 In accordance with an twelfth aspect of the invention, a method for chemical 

mechanical polishing comprises applying a slurry to a metal and dielectric material 
surface to produce mechanical removal of the metal and the dielectric material, and an 
effective amount for chemical mechanical polishing of periodic acid. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 and 2 are Pourbaix diagrams for copper and metal, useful for an 
understanding of the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
Ndw CMP appears to be entering a new growth phase, which emphasizes a 
new group of priorities. These priorities include reducing CMP defects in metal and 
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Fortunately few. metal ions are reduced to the zero oxidation state, and this is 
important in CMP processes to avoid contamination of the wafer surface with metal 
particles. Hydrogen peroxide polishing systems are also not very stable, being easily 
decomposed by trace amounts of transition metals. Currently, the CMP consumable 
suppliers need to have a two component delivery system - one for the slurry and the 
second for the peroxide. 

Besides being a redox agent, HDA, like ammonia, can form complex salts 
with many metals including A1(S0 4 ) 2 *NH 2 OH* H : 0 and Cu (x) 2 *NH 2 OH *H 2 0. 

Another important advantage of using hydroxylamine type compounds is their 
decomposition products. Depending on the solution pH and metal ions and concentration, 
HDA will decompose to water, nitrogen, ammonia and N 2 0. The formation of nitrogen 
even takes place through a slow internal redox reaction at pHs above 8. 

Metal Polishing: The metals currently being studied for the CMP process 
include AI, Cu, and W. Pourbaix diagrams can be used to examine the best regions (Ey 
versus pH) for the various polishing rates (corrosipn). No two metal or alloy systems 
will have the same regions of chemical activity. Using this data may also allow CMP 
polishing conditions to be chosen so that the selectivity of the polishing rate of one metal 
is significantly greater than another metal (or oxide or nitride material) on the same 
wafer. Pourbaix diagrams can be obtained for all metals, oxides, nitrides and other 
materials appearing on wafer surfaces wherever they are available. By overlaying the 
diagrams, pH regions can be roughly determined which may be corrosive for one material 
while passivating for another. This could be one tool that is useful in seeking high 
selectivities. Figure 1 shows the Pourbaix diagram for Cu. This diagram, based on 
thermodynamic data, shows that copper, copper (I) oxide and copper (II) oxide can exist 
together in the redox environment of our world (delineated by the sloping parallel dashed 
lines). The data also shows that none of these three compounds can exist at pHs less than 
-6.8, and at oxidation potentials above -0.2 volts, all of these compounds will dissolve. 

At higher pH values the three compounds can exist in aqueous solution, 
including with, various anions (CufOH^ and Cu0 2 \ 

This invention proposes that usage of HDA or its salts can be used to remove 
copper using CMP methods. The advantage of using the HDA based chemistries is that 
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over all chemistry. The ketone-based systems may react with the hydroxylamine based 
products to form oxime derivatives which are good chelating agents in their own right.* 

Other agents could include bis(hydroxypropyl)hydroxylamine, anisaldehyde or 
even alpha hydroxy isobutyric acid as a chelator. Other compounds could also be 
5 aromatic dioxygenated compounds, benzoin and benzil. 

A recently reported water soluble iron chelator is O-TRENSOX which can be 
used in the HDA-based chemistries and should show promising results. 

Though catechol and catechol derivatives are known to be good chelating 
agents at high pH conditions (because of the mono or dianion) only a little work has been 
10 done with this class of compounds under acidic conditions. There are reports that 
catechol will complex with aluminum at pH 3-5. 

Gallic acid is also another compound that under mildly acidic conditions 
could have complexing powers with certain Group 3 through 12 metals (IUPAC 
nomenclature). The catechol and gallic acid family of compounds can act as either 
15 corrosion inhibitors ( at "high" concentrations; i.e. 0.5 to 15-20 wt%) compounds, or as 
metal chelators in the ppm to 0.5 wt% range.' 

For many oxygenated compounds (phenols, alcohols, some organic acids, 
etc.) it is important that the oxygen atoms fill in vacancies on the metal surfaces. These 
vacancies are formed because of poorly organized surface oxide films and/or the pH 
20 retards the reactions or other anions interfere with the film uniformity. If the chemical 
environment is too aggressive then the corrosion inhibitor that is absorbed on the surface 
will be dissociated from the surface, but will carry a metal ion with it. Now the 
corrosion inhibitor can give the appearance of a attacking species. 

Other benefits to using HDA-based chemistries are the environment, safety 
25 and health aspects. HDA under basic conditions decomposes to water, nitrogen, and 
small concentrations of NH 3 . HDA is mildly caustic compared to other nitrogen 
containing compounds, i.e., organic amines. Under acidic conditions, hydroxylamine 
compounds are very stable in aqueous solutions. 

CMP users do not like working with sodium or potassium hydroxide because 
30 of the potential mobile ion contamination. Many users have changed over to ammonium 
hydroxide which does not have the same magnitude of a mobile ion problem and does 
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chemistries can be matched with the appropriate surfactant. Experiments which 
octylphenol polyethylene (9-10 ethylene oxide units) at pH 9.5 did reduce the surface 
tension and also reduced surface roughness. Anionic surfactants can be used for particles 
that have a positive Zeta potentials. 

Oxide Polishing: Some of the films currently being planarized include TEOS, 
BPSG. PSG and SOG. Though this area of CMP has matured, EKC's HDA (50% 
hydroxylamine) chemistry with its "buffered" pH of 9.5 to 10.5. and low mobile ion 
concentration (Na and K) could be an important new chemistry for the current silicon 
oxide slurries. 

The HDA free base material should 'be tested at various pH's (7-11) with a 
silica slurry. The amount of HDA used in the slurry ( should be -2 to 10%. SIMS data 
should show that the mobile ion content remained constant or was decreased. 

Though ammonium hydroxide solutions will also polish the silicon surface, 
the vapors from the polishing process need to be handled (removed) in an effective 
manner. The HDA chemistries do not have the same smell intensity. 

Work with ammopium salts added to fumed silica, in the pH range of 6-9 for 
•oxide CMP slurry, shows surprising results. Though one expects the higher pH (~ 9) to 
polish silicon oxide faster (traditional chemical attack of a base on the Si bond), Hayashi 
et al. had remarkable success at removing oxide at a pH 6 with a 0.1 molar ammonium 
salt solution (chloride, sulfate, etc). Even at pH 7 the rate was faster that at pH 9. The 
results suggest particle agglomeration (change in the electrical double layer by modifying 
the Zeta potential of the fumed silica), forming a "slush" on the panicles and the oxide 
surface. It was also noticed that the residual particle count was reduced from 5X10 5 to 
2X10 3 for a 6" wafer. There is no reason that hydroxylamine salts at this or smaller 
concentration ranges should not have a similar effect on the polishing rate. The pK„'s 
between the two groups of salts are different which would allow us again to "fine tune" 
the polishing rates. 

One theory is that colloidal silica is very sensitive to pH and undergoes 

flocculation at pH values near 8, due to the presence of insufficient alkali ions. 

i 

Ammonium bifluoride is another important ingredient to be evaluated in the 
above matrix. Silica dioxide has several solubility regions depending on pH. Ammonium 
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Though HDA and HDA related compounds can effect the particle and wafer 
surfaces through pH and redox chemistries, these chemical species only have a single • 
ionic charge per molecule (though a reasonable charge density for the size of molecule 
involved). It may be necessary to augment the electrostatic double layer around the 
panicles or on the wafer by adding "polyelectrolytes" which are highly charged 
compounds. Normally the polyelectrolytes are used in high enough concentration to 
"force" particles to clump together. In this invention we only want to add enough 
polyelectrolytes encourage the particles to repel each other and away from the wafer 
surfaces. This will enhance the post CMP cleaning step. The concentration for this 
affect could range from 1 pan per thousand to 10 wt%. 

There are several other types of redox reagents that also can be used in CMP 
applications which could be used by themselves or in conjunction with other chemistries, 
including hydroxylamine and its salts. 

In accordance with another aspect of the invention, ammonium persulfate 
(ammonium peroxydisulfate) can be used to remove Al, copper or tungsten using CMP 
methods. Though ammonium persulfate has been used to strip copper metal films from 
electronic component boards, this material has not been used to remove Cu in a very 
controlled manner. We are not aware of this chemistry being used to polish Al metal 
under CMP process conditions. 

The tungsten CMP process appears to operate through the tungstate (W0 4 = ) 
ion. Though the current CMP processes are based on ferric nitrate or hydrogen peroxide 
under acid conditions another feasible route to obtain this species is to oxidize the W 
metal with an oxidizing agent under basic conditions. The tungstate should have 
maximum solubility at pH >6. 

Normally ammonium persulfate solutions have a pH in the range of 2 to 3. 
This invention illustrates that by adjusting the oxidizing solution's pH to higher values, 
the resulting solution will be a very effective for polishing W metal films. 



Examples 
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was tested as follows: * eXamp,es ' so ' utio " chemistry 

Example 1 

The CMP experiments were with 10 rinn A „ 
The pad was a Rode,, RC ,000 „„ a ^ 21 33 "™ ^ ~ 

expert wiUl only a „ " ^ P-*r. Base line pofehing 

— - ^ fc j : sir. r is an sx ■ iox 

polisher. ^tc/Westech industrial size CMP 



10% solution 


PH 3 


10% solution 


pH6 


10% solution ~~~~ 


PH 7.7 


10% solution ~ 


PH7.9 


5% solution ~f 


pH9 




removal rate 105 A 
removal rate 196 A 



removal rate 198 A 
removal rate 176 A 



a maximum value at a pH around 7.9. 



Notice that there appears to be 
Example 2 

T«.: Another composition .ha, was tesfcd was o„ mposed of am . 

- «*, colKralmions of malonjc ™ * — m » 

Mroxide. A mm „„ i „ m nydroxide wj „ „ * P " « «*— «« sod™ 

win be oxidized to mtrogen and water. 
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APS 


MA 


pH 


Etch Rate (A/min) 


10% 


1% 


6 


162 


10% 


1% 


8.1 


460 


10% 


0.4% 


8 


291 


5% 


1% 


8.8 


265 


10% 


0% 


8 


162 



positive effect (10% APS, 0% MA, etch rate 162 A/min), compared to the 5% t 1 % MA 
solution (265 A/min). 

There are other additives that can be added to oxidizers that can also be used 
in the CMP process. These additives can include oxalic acid, lactic acid, gluconic acid, 
malonamide, and citric acid. These organic acids should have pK a lower than the pH of 
the planarization solution. It is desirable to have these acids in their corresponding anion 
form, which should be the most effective chelation species. 

In addition to malonic acid (H0 2 CCH 2 C0 2 H), APS can be used effectively 
for W CMP when combined with other organic acids: succinic acid 
(H0 2 CCH 2 CH 2 C0 2 H), tartaric acid (H0 2 CCH(OH)CH(OH)C0 2 H), citric acid 
(H0 2 CCH 2 C(OH)(C0 2 H)CH 2 C0 2 H), and oxalic acid (H0 2 CC0 2 H). 

Bases that can be used to adjust the oxidizing solution's pH, include sodium 
hydroxide, potassium hydroxide, magnesium hydroxide, magnesium carbonate and 
imidazole among others. 

There are other potential oxidizer compounds that can be included: 

Peroxymonosulfuric acid (Caro's acid) (H 2 S0 5 ) or its salts are very strong 
oxidizing agents, (E°=-1.44V). The acid form has one proton with a dissociation 
constant similar to sulfuric acid while the second proton has a pK a of only 9.4. 
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Example 3 

A commercial product Caroat (potassium „. 
including the potassium salt of Caro's acirf P eroxo ™nossu,fate compound, 

.ood oxidizer in a q ueous system at ,owpH ^ l ^ is a 

-Its for W CMP at higher P H Z Ca^ ^ * ^ * — * 
Corporation. The following remov , ' Pr ° dUCt 0f De *"*» 

- 2 PSJg) :~ 7; - - - — - po, isher (33 ^ 

» Pans of l0% alumina + 90% ^ ^ ™ *>< « alumma s, Uny 
and slurry addition rate of 20 mL/min: " ~ ° f 100 m ^in, 




Conclusion. Synergism between APS a „H r 

• 1,35 a ^ -** — — - 
—m* 0 ;:r of ph ^ — - «>• » 

Example 4 

*ny (50 pm of ,0% a , umira + 90/ SP ''" ered W >' With « 

— . - ^ addfena ;::; 2 : ~->- *-> — - - . 
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APS 

(pans per 100) 


lylalonamide 
(pans per 100) 


pH 

* 


Removal Rate 
(A/min) 


5 


0 


9.0 


176 


10 


1.0 


9.0 


429 


10 


2.5 


8,9 


385 


10 


2.0 


7.9 


250 


10 


o 


7.9 


198 



Conclusion: Malonamide enhances the W removal ratp when combined with APS in an 
10 aqueous system oyer the W removal r&te of APS alone. Removal rates increase with pH. 

Though the use of hydrogen peroxide is well known in the metal CMP field it 

i 

does suffer from poor long term stability when mixed with slurry mixtures. The CMP 
users have made adjustments to this problem by segregating the perpxide solution from 

15 the slurry until juit prior to usage on the polisher. This means that the CMP user must'' 
have dual dispensing systems which increases the cost of ownership which directly affects 
the CMP cost per wafer. 

In accordance with another aspect of the invention, perborates such as sodium 
perborate tetrahydrate are good compounds which are indirect sources for hydrogen 

20 peroxide. The teraborate has a 10.5% active oxygen content. This compound has a 

different stability than hydrogen peroxide and therefore could be an important compound 
for CMP metal etching applications. The dry form of the perborate salt is used in many 
bleaching applications, including detergent formulations, tooth powders and denture 
cleaners. 

25 Because of the sodium perborate's low solubility it could also be used as a 

slurry or coslurry component. This could be very beneficial to the CMP process since 
the chemistry is not only acting as an abrasive but also as an oxidant. Its low solubility 
but direct contact with the metal/metal oxide could give better etch control. 
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Mro.en parotide and „ J " ™ ' ^ *» ■ 

with a Polite* felt cl0 7 al * J**" «*« - * a Lo siK ch P5M 

33 "* ^ 2 PM P — - «" 3- wafer. N„ slun> 



10 Example 5 



Experiments with blanket W metal (10 nno i> V 
Wtx.xy.amir* somtion wj „ rem /"" 1 '° m A > «* showed that a .0 w.% 

removed , 6, C " ° f * ' 5 «« — 

~ renrove on!y ^^^T^ * ' ? « 
Eo S Lech P5M polisher wirh . p oliIex fe ^ u ,^ 3 PO " Sh ' n8 ~ - - 

No slurry was used durjng J*" 0 " 1 » 33 - 2 P% pressure on the 3- 

In accordance with a further a<n«., „».■. • 
will he of interest win he the „ ra nvd "" erai °"- cam ^ *■ 
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Example 6 

the 3" wafer. ° ,h 31 33 H" ■*» 2 psig pressure on 

This combination of chemicak u/in „«, 
Products (urea and oxygen,. 8 e nerate environ™,,,, - frje „ d , y . ^ 
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In accordance with still another aspect of the invention, another commercially 
available oxidizing agent that could effective for planarization tungsten or copper metal is 
peracetic acid. The decomposition products include only oxygen and acetic acid 
(vinegar). 

Test: Experiments with blanket W metal (10,000 A) wafer showed that a 15 wt% 
hydrogen peroxide solution with a 5% alumina slurry removed 109 A/min of the metal, 
yet only a 3.5 wt% peracetic acid with only a 2 wt% alumina slurry removed 166 A/min. 
It is interesting that a solution four time mores dilute and less slurry removes 50% more 
metal as the hydrogen peroxide solution. The polishing conditions were with a Logitech 
P5M polisher with a Politex felt cloth at 33 rpm and 2 psig pressure on the 3" wafer. 

In accordance with a further aspect of the invention, another unique idea is to 
blend two different chemistries to achieve synergistic interactions. Two possible 
chemicals that could be blended are hydrogen peroxide and hydroxylamine. 

♦ 

Example 7 

Experiments with blanket W metal (10,000 A) wafer showed that a 15 wt% 
hydrogen peroxide solution with a 5% alumina slurry removed 109 A/min of the metal, 
yet a 10 wt% H 2 0 2 mixed with a 10% hydroxylamine with only a 5 wt% alumina slurry 
removed 731 A/min. The pH was adjusted to 8.7. The polishing conditions were with a 
Logitech P5M polisher with a Politex felt cloth at 33 rpm and 2 psig pressure on the 3 M 
wafer. 

Example 8 

Experiments with blanket W metal (10,000 A) wafer showed that a 10 wt% 
hydroxylamine solution will remove 3.3 A/min of the metal, but a 5 wt% H 2 0 : and 5 
wt% hydroxylamine (pH 7.5) removed 380 A/min. Experiments also showed that a 2 
wt% ferric nitrate solution will remove only 34 A/min. of metal. The polishing 
conditions were with a Logitech P5M polisher with a Politex felt cloth at 33 rpm and 2 
psig pressure on the 3 M wafer. No slurry was used during the test. 
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Example 9 

alumina slurry removed 637 A/min Th, u 4 ^ 0nJy a 5 wl% 

M/A/mm. The pH was adjusted to 6 9 
When a 2 wt% potassium iodate ann\ 

— »* a Ugitech P5M ^ p ( ^' * W co^ 
on the 3" wafer. * aI 33 r P m ««l 2 psi pressure 
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Alumina 
(parts per 100) 


Periodic Acid 
(parts per 100) 


pH 


Removal Rate 
(Aymin) 


1.0 


2.0 


1.4 


130 


1.0 


2.0 


1.9 


274 


1.0 


2.0 


2.1 


326 


2.5 


2.0 


2.5 


252 


2.5 


2.0 




426 



Conclusion: tungsten removal rates increase at higher pH values over a pH range of 1 to 
7 with a constant concentration of periodic acid. 



Example 11 

Periodic acid in water added to APS increases th$ remoyal rate of W over 
APS alone at pH l'; increasing the amount of periodic acid used with 10 parts APS also ,'■ 
increases the W removal rate using the Logitech PM5 polisher (33 rpm, 12" IC1000 pad, 
2 psig), 3" wafers (10,000 A sputtered W), 0-3 parts NH 4 OH to adjust pH, 1% alumina 
(10 parts of 10% alumina + 90% water slurry), and chemistry/slurry addition rate of 100 
mL/min: 



APS 

(parts per 100) 


Periodic Acid 
(parts per 100) 


PH 


Removal Rate 
(A/min) 


0 


2.0 


2.4 


130 


10 


2.0 


11 


386 


10 


0.5 


3.5 


118 


10 

i 


2.0 


5.2 


388 


10 


0 


6 


112 
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Example 12 

Constant removal rates were observed for several davt t 
ataina ,25 pans of m alumim +9Q% 8 ^ N "'° H » «*- PH. 2.5% 
addition rate of 100 mL/min a „H A , ■ sputtered W), chemistry /slurry 

"^^n*^ ' Period Acid 

(pans per 100) 

2.0 





Removal Rate 
(A/min) 



Example 13 

A comparison of removal rates for th» . 
below betw^n fw. , .. . U ' C aqUeous P eriodic acid system is shown 

me Logitech polisher (2 psig) with 3 " wafers HO nan A 
the Strasbaugh 6EC polisher (5-7 P si g ) with 200 7 W> ^ 

Onerarinc ,,• • 2 °° Wafers < 10 '°0° A sputtered W) 

operating conditions were dH fi-7 o <w ,i Fuucrca w>. 

slurry) no APS ch "* ^ ^ ° f W% a,un *» + 90% water 

»«nyj,no APS, chemisuy/slurry addition rate of 7nn m i / , 
(40-50 mm tj» _ "ion rate of 200 mL/mm for the Strasbaugh 6EC 

^ te SIMller ^ ^ " 86 — "-1- ^n tnose 
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Periodic Acid 
(parts per 100) 


PH , 


Downforce 
(psig) 


Table Speed 
(rpm) 


Polisher 


Removal Rate 
(A/min) 


2.0 


6.8 


2 


33 


Logitech PM5 


426 


2.0 


6 


' 5 


40 


Strasbaugh 
6EC 


2535 


2.0 


6 


5 


40 


Strasbaugh 
6EC 


2727 


2.0 


6 


5 


50 


Strasbaugh 


3174 


2.0 


6 


7 


50 

i 


Strasbaugh 
6EC 


3666 



. Conclusion: These results for W polishing show that when comparing removal rates 

i 

10 determined using the Logitech planarizer to larger planarize'rs.such as the Strasbaugh 
6EC, the removal rates must be scaled up by a factpr of 6 to 8.6. 

Expanding on the last two aspects of the invention, we did a comparison of 
polishing rates for the periodate salts potassium periodate (KI0 4 ) and the lithium periodate 

15 (LiH 4 I0 6 ) as well as potassium iodate (KIQ,) that was used in Wang et al. v published PCT 
Application WO 97 13,889, dated 17 April 1997. The KI0 4 system proved to have 
higher removal rates for W than did the KI0 3 system; W removal rates are enhanced 
when synergistically combining KI0 4 and APS; and both K and Li periodate may be used 
to oxidize W in near-neutral pH regimes, thus getting away from corrosion problems 

20 associated with very low pH CMP systems. In mixtures of K and Li periodates with 
APS, systems with higher proportions of Li:K provide higher W removal rates. 

Example 14 

Addition of APS to KI0 3 in water increases the W removal rate, and 

i 

25 increasing amounts of KI0 3 added to APS also increase W removal rates over a pH range 
of 5.8 to 7.8 (pH adjusted with 0-3 parts NaOH) using the Logitech PM5 polisher (33 
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a c hemistry addition rate : : ^ „ a iT e addi,ion of chemisuy and — 

. _ f J^™^ d s,urr V addition rate of 20 mL/min: 




Conclusion: Adding APS to KIO, increases the W removal rate ^ ^ 
combined APS/KIO,/water sv«™ ■ ' ,ncreas,n 8 PH of the 

/iulv water system increases the W removal rate a „H ; 

concentration of KIO in th» n , • ' d Increas >ng the 

n KIO, in ^ com5lned system ^ ^ ^ ^ 

Example 15 

The aqueous potassium periodate firm ^ *. . 
Parameters as aoove, also shows a £££ £T T " — ^ 

even a greater removal rate for W rh T ^ APS and sh <™ 

moval rate for W than the potassium iodate system NaOH (0 1 n a „ * 
was used to adhi^t n u n ndUH (U-3 pans) 

slurry addition rate of 20 mL/min: m ' and 
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APS 

(parts per 100) 


KI0 4 

(pans per 100) 


pH 


Removal Rate 
(A/min) , 


0 


0.2 


7.9 


142 


10 


0.2 


77 


405 


10 


2.0 (supersaturated 
solution) 


6.9 


637 



Conclusion: Synergism between APS and KI0 4 enhances W removal rates at near-neutral 
pH. 



Example 16 

Mixtures of Li and K peripdate show improved removal rates for higher 
proportions of Li:K. There is also an effect df pH noted in the table below: increased 
removal rate with increasing pH. Polishing parameters are for the Logitech PM5 polisher 
(33 rpm, 12" IC10O0 pad, 2 psig), 3" wafers (10,000 A sputtered W), 1% alumina (10 
parts of 10% alumina + 90% water slurry), and chemistry/slurry addition rate of 100 
mL/min: 



APS 

(parts per 100) 


LiH 4 I0 6 
(parts per 100) 


KI04 

(parts per 100) 


pH 


Removal Rate 
(A/min) 


10 


0.4 


0.0 


7.2 


382 


10 


0.3 


0.1 


7.2 


215 


10 


0.2 


0.2 


6.5 


175 


10 


0.1 


0.3 


6.1 


170 
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Conclusion: Addition of Li and/or K periodate tn . 

-ova, « pH , ,„ mjxe ~ ( '2:™ ™ *- * 

of U:K p rov i d e higher W removal ratts „ ~ ; « — ' 

Example 17 

Tungsten removal rates using the 10 parts APS + n a 
stable for a period of several H av „ P3m Ll periodate are 

wafc. (10,000 A sp^ W). „ alumira (50 ' J* * ,C100 ° 2 
Time (days) 



15 



Removal Rate (A/mm) 
208 
244 
218 



Conclusion: Even when combined with alumina slurry the APS/LiH in / 
nas high and stable removal rates for more than 2 Z^J^^ ^ 
- - - .rate/water alum, system whtch * 

Example 18 

■..«»«. £sr : of ,w ° °~ *— — - - n- 

1000 Mm , 7 an,m0n,U^, PerSU ' fate in water ,o give , 01a , of 

give a total of 1000 pans of solution having a pH of 15 iw . 

u/ith cji- - ««pnoi i.y These solutions were tested 

w»th siheon wafers at room temperature as follows- 
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removed, rinsed with DI water and then dried with nitrogen gas. A conventional four 

point probe was used to determine the metal film thickness. The etch rates were: 
Ammonium persulfate 3000 A/min 

Ferric (III) nitrate 1287 A/min 

One would have expected the chemistry with the lowest pH (more acidic), i.e., the ferric 

(III) nitrate solution, to etch the Cu the fastest. 

Example 19 

In this series of tests, the effectiveness of hydroxylamine nitrate at various pH 
levels was tested for etch wafers with 3000 A sputtered Cu and a 300 A Ti adhesion 
layer. The apparatus was as used in Example 1. The solution was composed of 24 parts 
by weight of 82 weight percent hydrojcylamine nitrate in 176 pans by weight of DI water. 
The pH was adjusted with small quantities of hydroxylamine, as the free base. The 
hydroxylamine free base was composed of 20 parts by weight of its commercially 
available approximately 50 pertent by weight aqueous solution and 80 parts by weight 
deionized water. Also used was an ammonium hydroxide solution composed of 80 parts 
\>y weight of a 25 .percent by weight aqueous ammoriium hydroxide solution and 120 parts 
by weight of deionized water. 

After a certain interval, the wafer was rinsed with deionized water and dried 
with nitrogen. The wafer was then weighed. A separate blank Ti wafer was etched in a 
10 percent by weight H 2 0 2 solution to determine the amount of Cu on each 3 inch wafer. 
The results obtained are shown in the table below. 



Chemistry 2H Etch rate (A/min) 

Hydroxylamine nitrate 3 120 

Hydroxylamine nitrate 4 150 

Hydroxylamine nitrate 5 600 

Hydroxylamine (free base) 117 75 

Ammonium hydroxide 12.7 100 
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utner combinations could include m „™ ,• 
, and citric acid, respectively. ' 1113,0,110 acid 

Example 20 

. usually u w a, low pHs The J, ' ""^ r*"""* are 

^ various J. ^ " HAN " 87 8 - — ) 

P^iMe ,<, use *"* WM "° ^ w i8». loss. I, was 

i.:r;r P ir::r meai ,oss - A,mi - * 
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pH 


Removal Rate (A/min) 

• 




j.j 


120 ' 




4.0 


150 




5.0 


600 


1 NH 4 0H 


12.7 


100 



This example shows that hydroxy lamine compound will remove copper metal and that 
there is a definite optimum pH. The ammonium hydroxide had the poorest etch rate even 
though this is an optimum pH region for etching copper with amines. 



Example 21 

In this example the hydroxylamine nitrate chemistry is used in a slurriless 
polishing system. A Logitech PM5 polishing system (used for CMP modeling , 
experiments) was used with a Politex felt pad at 33 rpm with 2 psig pressure on the 3" 
copper wafer. The 5% chemistry (6.1 parts HAN with 95.9 parts water) Was added to 
the polishing table at 50 mL/min. The removal rate was determined by a Four 
Dimensions four point probe used for determining metal film thickness on wafers. 



pH 


Removal Rate (A/min) j 


4.2 


18 


60 


218 



This example shows that there is a pH effect with the HAN solutions. The metal film 
had a very bright finish. 



Example 22 

In this example a 10% hydroxylamine nitrate solution (12.2 pans of HAN in 
87.8 parts water) mixed with a 2.5% silicon oxide slurry was used with a Politex pad on 
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the Logitech PM5 polisher was 33 rpm with 2 ™ 

— - — ■* * pohshj™ ™T - 3 — The 

defined by . Four Dimensions ^ ^ removal ra te was 

on wafers. P P bC f ° r deter ™ning metal film thickness 



PH 

2.6 
4.0 



Removal Rate (A/min) 
1270 
1014 



This example shows that the u» nf , - i 

- » ,„ w pHs wilh tr s l ; DX,de s,uny wul shm - P»«* 8 

wun very good copper removal rarec tk- 

*. han CIKmiSBy works wd , wilh j^jt ™ s ™ ,s — »* » — to 

—1 mm bad a very brighl fmish . ** — *« The 

Example 23 

-<-~^ 

- 33 rpm with 2 psig pressure on fc 3 „ ^ ^ P ^ * ^ech PM5 polisher, 
was composed of 15 parts of a 30% H O J " ^ S ° ,Uti ° n 

i— • : pj^3o%^^ lon mixed with g5 parts of 

Removal Rate (A/min) Hi 
950+ ~ 



1.5% H202 



H20 



4.8 



This example shows that the polishing rate for ham 

better than the traditional hvH " rePr ° dUCib ' e and is P 0,ishin S 

the tradtnonal hydrogen peroxide chemistry for copper CMP. The water 
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experiment shows that the copper polishing rate is not solely a pH effect. The metal 
films polished with HAN had very bright finishes, but the hydrogen peroxide polished ' 
wafer was "cloudy" and the water polished wafer was dull. 

Example 24 

Another important feature is a good shelf life after the slurry and chemistry 
are mixed together. Currently the hydrogen peroxide/slurry systems are so unstable that 
the industry currently mixes the slurry and the chemistry only at the point of use. 
Premixed hydrogen peroxide/slurry solutions only have several hours of useful life. 

In this example a 0.5 wt% hydroxylamine nitrate solution (0.6 pans of HAN 
in 99.4 parts. water) mixed with a 2.5% alumina slurry. A master batch was made and 
stored in a plastic container. Samples of the chemistry/slurry were then removed after 
certain number of days and used in the polishing experiment. The pH of the slurry varied 
only between 4 and 4. 1 during the 22 day trial. The slurry mixture was used with a 
Politex pad on the Logitech PM5 polisher at 33 rpm with 2 psig pressure on the 3" 
copper wafer. The chemistry was added to the polishing pad at 50 mL/min. The 
removal rate was determined by a Four Dimensions four point probe for determining 
metal film thickness on wafers. 



Day 


Removal Rate (A/min) 


0 


637 


4 


1064 


22 


558 I 



Except for the fourth day result which increased by -40%, the 22nd day result clearly 
shows that the chemistry is still giving good polishing rates. The metal films had very 
bright finishes. 



Example 25 

Another feature is the selectivity of the polishing rate between different 
materials on the wafer. It is important that all materials (metals and the surrounding IDL 
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The following example shows the selectivity between th» M 
Rpc r fi . . .. icuuvny oetween the copper metal and a 

™ .» Uua ex^e a 0.5 M * hydroxylaraine ^ * 

ponsner at 33 rpm2ith 2 pstg pressure on the 3" copper wafer The,., 

film thtckness was determined by ellipsometer. 

The copper film removal rate was 637 A/min while the BP«?r hi™ 
DolisheH ...mi, . me BF;>G «'m was only 

polished at a 37 A/mm rate. The selectivity of Cu to BPSG was 17 2 Thi u 

hydroxyzine salts. ■ • ^jugate 

Example 26 

In this example a solution of citric acid r« * no,c 
^ , . unc acia P ar ts citric ac d adjusted with 

,o a pH 4.2 ,o 4.4. fc reraatader is waKr) , s ^ witi J 

or MroxylMline (HDA) ,„ „ toin solulions with pHs cte ^ 

:r ;r: wi * a poiittx fe " ^ " 33 - ^ 2 * - ^ 

wafer. The ch_ „ ere a 0ded „ Ihe ^ ^ ^ 
metal film thickness on wafers. 
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Pans Citric Acid Sol. 


Parts HDA 


PH 


Removal Rate (A/min) 


100 


0 


4.2 


58 


95 


'5 


6.6 


64 


90 


10 


6.8 


954 


80 


20 


7.0 


1100 



This example shows that even though the pH is 'only varied over a 0.4 pH range (for the 
HDA salt solutions) there was a significant increase in the copper etch rate, related to the 
10 increase in the hydroxylamine salt of, the citric acid. ' 

The invention now being fully described, it will be apparent to one of ' 
ordinary skill in the art that rriany changes and modifications can be made thereto without 
departing from the spirit or scope of the invention'. 
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WHAT IS PT AIMED IS 

adjust the pH of the composition I0 vjde . ^ adjUSn,, « com P°>»»' 'O 



2. The composition of data , in whlch ^ M y 
— . compound comprises „ , ^ — 

compound. " ^ C ~ n0fCtata2aadi,i ™"^~ gMa— 



4. The composition of claim 3 in which th* amm « 

ammonium peroxydisulfate. ™° n,Um ^ C ° mp ™ nd is 

5. In a composition for chemical mechanical polishing, the improvement 
wh^ an effectiye amoum for chemicaj mechanica] J ~ 

hydroxylamtne compound. 

«. The composition for chemical mcchanicar polishing of claim 5 in which 
* Mroxylatane compound compttsea hydroxylamine ot a .^H-Tl 

_ 7. The composition for chemical mechanic,! polishing of data 6 in which 

mc hydroxylamine sal. comprises hydroxyzine nitrate. 

coming :z ; ™ n for chera " ■~ poii * 8 * ^ 5 — * 
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9. The composition for chemical mechanical polishing of claim 8 in which 
the chelating agent is an alkyl beta-diketone, an alkylene tetraacetic acid, an aromatic 1 
phenolic aldehyde, bis(hydroxypropyl)hydroxylamine, anisaldehydc, alpha hydroxy 
isobutyric acid, an aromatic dioxygenated compound, a catechol compound or a gallic 

5 acid compound. 

10. The composition for chemical mechanical polishing of claim 5 
additionally comprising a nonionic, cationic or anionic surfactant. 

10 11. The composition for chemical mechanical polishing of claim 10 in which 

the surfactant is octylphenyl polyethylene. 

12. The composition for chemical mechanical polishing of claim 5 
additionally comprising ammonium bifluoride. 

15 

13. The composition for chemical mechanical polishing of claim 5 
v additionally comprising a polyelectrolyte. 

14. The composition for chemical mechanical polishing of claim 5 
20 additionally comprising hydrogen peroxide. 

15. In a composition for chemical mechanical polishing, the improvement 
which comprises an effective amount for chemical mechanical polishing of ammonium 
persulfate. 

25 

16. The composition for chemical mechanical polishing of claim 15 
additionally comprising an organic acid. 

17. The composition for chemical mechanical polishing of claim 15 in which 
30 the organic acid is malonic acid, succinic acid, tartaric acid, citric acid or oxalic acid. 
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pcroxomonossulfate, peroxymonsulfate or malonamide. 

20. The composition for chemical mechanical polishing of claim . < 
addmonany comprising potasstum periodace, hthium period! Z^Z 
periodic acid. potassium .odate or 

21. In a composition for chemical mechanical polishing rh. • 

which con,^ 'r^"™ mKha "" a ' •""««. «* ta P r„v OTen , 

a S | ur rv,„ " ? me ^ f0rChemiCaln,eCtatal ^ i »*.»''ich copses app, y i„ 8 

it » ;7 " m " riai ,o prote "r 

produce a -ta— I rcnova, of ,hc « djeIrarjc mattrjal ^ 
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the pH of the sluirry and the selectively oxidizing and reducing compound to provide the 
differential removal of the metal and the dielectric material. 

26. A method for chemical mechanical polishing, which comprises applying a 
slurry to a metal and dieleqtric material surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical 
polishing of a hydroxy lamine compound. 

27. A method for chemical mechanical polishing, which comprises applying a 
slurry to a metal and dielectric material surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical 
polishing of ammonium persulfate. i 

28. A method for chemical mechanical polishing, which comprises applying a 
slurry to a metal and dielectric ^aterial surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical 
polishing of a compound which is an indirect source , of hydrogen peroxide. 

29. A method for chemical mechanical polishing, which comprises applying a 
slurry to a metal and dielectric material surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical 
polishing of a peracetic acid. 

30. A method for chemical mechanical polishing, which comprises applying a 
slurry to a metal and dielectric material surface to produce mechanical removal of the 
metal and the dielectric material, and an effective amount for chemical mechanical 
polishing of periodic acid. 
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